Based on the data of volatile organic compounds (VOCs) collected from July to October, 2014 in the centre of Kunming, characteristic of their variability and source identification by principal component analysis (PCA) were analyzed. In summer, 40.60% of the total VOC concentrations were attributed to biogenic emissions and industrial process, 19.33% to vehicle emissions, 19.19% to solvent usage, 10.02% to fuel evaporation(including LPG/NG leakage and gasoline evaporation), and 8.34% to industrial production. In autumn, 39.73% of the total VOC concentrations were attributed to industrial production, 27.67% to solvent usage, 21.26% to vehicle emissions, 8.12% to fuel evaporation.
INTRODUCTION
Exposure to volatile organic compounds (VOCs) is of considerable concern due to their potential chronic and acute health outcomes [1, 2] . Some VOC species (e.g., benzene) have been classified as carcinogens [3] and toxic as defined under the Canadian Environmental Protection Act [4] . Meanwhile, they can significantly affect the oxidizing capacity and radioactive balance of the atmosphere according to their influence on stratosphere ozone depletion, tropospheric photochemical ozone formation, secondary organic aerosol (SOA) formation and the enhancement of the global greenhouse effect.
Kunming is a typical city of Yunnan-Guizhou plateau, south-west China. It is the political, cultural and economic center and also is the transportation hub of Yunnan province. The urban of Kunming is located in the north of Dianchi lake basin, surrounded by forest and mountains. The average elevation is 1891 m above sea level. It has intense solar radiation. It has been expected that characteristics of VOC in Kunming should be very different from those in other cities of China because of the differences in emission sources, climate and topography. However, there are lacks of the knowledge regarding the sources of VOCs in the city of Kunming and the study of VOC sources is urgently needed.
In this study, we choose a typical sampling site in Kunming. The purposes of this study are to identify emission sources of ambient VOCs in Kunming by PCA followed by varimax rotation. The results are expected to fill the gap of source profiles of NMHCs and help better understand chemical emission characteristics in Kunming urban air.
MEASUREMENT AND METHOD

Sampling Site
The sampling site is located at Dong feng guang chang (DF) commercial center in the heart of the Kunming. This site is surrounded by several big shopping malls, hotels, residential areas, schools. The VOC concentrations were measured 24h during the measurement period.
Descriptions of Measurements and Instruments
VOCs were sampled using a 6 L silonite canister with a Restricted Flow Valves 7days in July and October. The internal silonite coating improves a long term of VOC storage. The canisters have a large volume to provide detection of volatile chemicals down to a low pptv range. These canisters meet or exceed the technical specifications of the US EPA methods. Gases samples were pre-processed using Model 7100 VOC pre-concentrator (Entech Instruments Inc., USA) and analyzed by a gas chromatography system (Agilent GC6890N) equipped with a mass-selective detection (Agilent MSD5973N) with length of 60 m, diameter of 0.32 mm, and film thickness of 1.0 µm. The column temperature was controlled by an initial temperature of 80°C, then held for 0.5 min, and then increased at 25 °C/min to 175°C (held for 2 min), and then increased at 15 °C/min to 250°C (held for 15 min), VOC calibration standard samples were prepared by diluting 1.0 ppm standard gas mixtures with pure nitrogen gas by an Entech 4600 Dynamic Diluter. Internal standard compounds were also obtained by diluting 1.0 ppm internal standard gases containing four compounds (Scott Specialty Gases Co. USA).
The PCA Models
In this study, principal component analysis (PCA) was applied to identify the influences of potential sources. PCA is frequently used in data reduction to identify a small number of factors that explain most of the variance observed in a larger number of variables. It was performed by utilizing the orthogonal transformation method with varimax rotation to determine the eigenvalues of variance matrix of original variables; usually, factors with eigenvalues > 1 were chosen. [5, 6] . Once a factor is determined by PCA, it consists of patterns of variation of the factor loadings of input parameters. The factor loadings indicate the correlation of each species with each component and a species was said to load on a given component if the factor loading was 0.5 or greater for that component. The characteristics of a factor can then be inferred from the dominant pollutants, such as VOCs, PAHs and carbonyl compounds [6, 7, 8] .
RESULTS AND DISCUSSION
Characteristics of VOC Species in Kunming
32 VOC species were detected in summer, and 25 VOC species were detected in autumn. These VOC species include C3-C6 alkanes, alkenes, and aromatic hydrocarbons. In summer, the averaged total VOC concentration was about 16.01µg/m3, in which alkanes, alkenes, and aromatics were accounted for 56.57, 11.83, and 31.50%, respectively. In winter, the averaged total VOC concentration was about 45.48µg/m3, in which alkanes, alkenes, and aromatics were accounted for 37.00, 18.79, and 44.21%, respectively. The averaged total VOC concentration in summer was lower than in autumn. Figure 1 shows averaged VOC concentrations during summer and autumn. The measured VOC concentrations showed a significant seasonal variation, with lower concentrations in summer than in autumn. The intense solar radiation may make the VOC have faster chemical reaction, resulting in a larger seasonal variation.
Source Identification
In order to simplify the calculation, several important VOC sources are identified and surrogated. The method to identify the important surrogated sources was suggested by Guo et al. [9, 10] using the PCA technique and the Kaiser's criteria, which the eigenvalue of impact factors are greater than 1. By using this method, five surrogated sources (FCs1, FCs2, FCs3, FCs4, and FCs5) are established in summer. Tables I and 2 ).
The Table I shows that the 5 autumn sources are accounted for about 96.79% of the total variance. The characteristics of the four source categories for the TW site data was described as follows:
FCa1: High factor loadings were found for trim ethyl benzenes. This indicated that FCa1 might arise from industrial sources such as manufacturing of synthetics, shoe factories, chemical plants, and furniture manufactures.
FCa2: Because the BTEX species are major constituents of paints [9, 11] , the FCa2 source is highly correlated to BTEX (benzene, toluene, ethyl benzene and xylene isomers) (see Table I ). The high correlation between FCa2 and BTEX suggests that solvent usage is the major sources for FCa2. In the urban center of Kunming, the numbers of new buildings, metro and commercial facilities increase rapidly, which lead to a large amount usage of paints, causing the solvent usages to be an important VOC source in this region. FCa3: The correlation between FCa3 and propene, benzene and C3-C6 alkanes are calculated which are also highly correlated. According to previous studies, the high correlation between FCa3 and propene, benzene and C3-C6 alkanes was an indication that theFCa3 is strongly related to vehicular exhaust in urban areas [12, 13] . These results provide a fairly evident that FCa3 is mainly related from vehicular exhaust.
FCa4: The high factor loadings of isopentane, pentane and hexane in this component implied that gasoline evaporation is the main source of FCa4. Beacause of butane is the main component of LPG or natural gas. Isopentane is the typic marker of gasoline evaporation. [14] FCa5: In this component, Propene, 1-Butene with high factor loadings. These alkenes are also relate to industrial sources such as printers. So FCa5 is a industrial sources.
The 5 summer sources are accounted for about 97.48% of the total variance (see Table II ), indicating that these five surrogated sources contain majority VOC emissions in summer. The five sources were characterized based on the factor loadings of tracers in each factor.
FCs1: The high factor loadings of isoprene in this component implied that biogenic emissions might be the main source as it's marker of biogenic emissions. In addition, methylcyclohexane, 3-methylhexane, 2,3,4-trimethylpentane with high factor loadings. These VOC species are relate to some industrial process, such as asphalt plants. So FCs1also is industrial process source.
FCs2: The vehicular internal engine combustion and the unburned vehicle emissions can be identified by high factor loadings on propene, benzene and isopentane.
FCs3: The high factor loadings of TEX in this component implied that use of solvent might be the main source as they are all markers of paints.
FCs4: In this component, butane, isopentane and pentane with high factor loadings were observed. Butane is the main component of LPG or natural gas. Isopentane is the typic marker of gasoline evaporation.
FCs5: The high factor loadings of 1-pentene, cis-2-pentene and trans-2-pentene in this factor. The main sources of 1-pentene and cis-2-pentene are related to industrial process, such as gasoline evaporation and refined gas, such as petrochemical plants in Mainland China
From the above, biogenic emissions and industrial process, vehicle emissions and solvent usage were main source of VOC in summer at the centre of Kunming. Industrial sources, vehicle emissions and solvent usage were main source of ambient VOC in autumn.
CONCLUSIONS
This study measured the concentrations of VOCs in Kunming in July to October 2014. The concentrations of total VOC in summer (16.01µg/m3) was lower than in autumn(45.48µg/m3). In summer, alkanes was largest which accounted for 56.57%, alkenes and aromatics were accounted for 11.83% and 31.50%, respectively. In autumn, aromatics was most component which accounted for 44.21% alkanes, alkenes were accounted for 37.00% and 18.79%, respectively. The intense solar radiation in Kunming may make the VOC have faster chemical reaction, resulting in a larger seasonal variation.
Five components were all extracted from application of PCA to the data in summer and autumn. The five factors together explained 97.48% and 96.79% of the variance, respectively. The main source of VOC in summer show slightly difference with in autumn. biogenic emissions and industrial process, vehicle emissions and solvent usage were main source of VOC in summer at the centre of Kunming. Industrial sources, vehicle emissions and solvent usage were main source of ambient VOC in autumn.
